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ABSTRACT
An Integrated Geophysical and Geological Analysis of a Proposed
Regressive-Phase Lake Bonneville
Deposit, Pilot Valley, UT
Katelynn Marie Smith
Department of Geological Sciences, BYU
Master of Science
Pilot Valley, located in the eastern Basin and Range, north of Wendover, UT, contains numerous
shorelines and depositional remnants of late Pleistocene Lake Bonneville. These remnants
present classic ground penetrating radar (GPR) targets due to their coherent stratification, low
clay, low salinity, and low moisture content. Three-dimensional (3D) GPR imaging can resolve
fine-scale stratigraphy of these deposits down to a few centimeters. While lake levels fluctuated
due to flooding events, climatic changes were the dominant factor in controlling lake levels. In
Pilot Valley, the paleowind entered from the northwest, with storms coming from the south, and
circulated clockwise around the basin, forming offshore sand bars. On the western side of the
valley, a uniquely well-preserved interpreted regressive phase beach deposit, dated late
Pleistocene, is hypothesized to have been a point bar shortly after the Provo Shoreline period. 3D
GPR data, measured stratigraphic sections, cores, mineralogical analysis, and the collection of
gastropod samples for radiocarbon dating constrain a reconstruction of the deposit’s depositional
environment and local paleoclimate for Lake Bonneville. The GPR images, visualized with
state-of-the-art petroleum industry tools, reveal fine-scale stratigraphic detail that can be
analyzed using seismic stratigraphy concepts. Our study provides a comprehensive model for
ancient pluvial lake-shore depositional environments in a Basin and Range setting using an
integration of geological and geophysical data.

Keywords: Lake Bonneville, Pilot Valley stratigraphy, Ground Penetrating Radar, Provo
Shoreline
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INTRODUCTION
Although Pleistocene Lake Bonneville sediments have been studied for over a hundred
years, there is little information on the detailed, internal, three-dimensional (3D) structure of
shoreline deposits, especially remnant regressive features (Fig. 1; Gilbert, 1890; Oviatt and
Shroder, 2016). Four main events are associated with the lake, from oldest to youngest: the
Stansbury Oscillation, Bonneville Shoreline, Provo Shoreline, and the Gilbert Episode (Fig. 2
and Fig. 3). The lake extended as far west as the Utah-Nevada border, including Pilot Valley,
north of Wendover, Utah.
Pilot Valley’s dominant feature is a salt and mud playa, which is bounded to the east and
west by Graham Peak and Pilot Peak mountains, respectively, with smaller hills to the north and
south (Fig. 2). Throughout Lake Bonneville’s existence, it left many wave-cut shorelines and
longshore drift deposits within Pilot Valley. The western margin of the valley has a small,
isolated hill that is hypothesized to be a regressive barrier deposit, called herein the Bonneville
Regressive Bar (BRB), which is a sequence of outcropping strata that contains coarse-grained
sand with gastropod shells throughout. Below this set of outcropping strata is finer-grained sand.
It is roughly 10 m above the surrounding alluvial fan at an elevation of 1345 m above mean sea
level, with the outcropping strata on the northern and western sides. The hill is an isolated
deposit and is one of the few in the valley that has dipping, well-cemented, coarse-grained
sediment above finer-grained sediment. Because of the well-exposed sedimentary relationships
in the deposit, it has the potential to provide information on the paleoclimate for Lake
Bonneville.
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The purpose of this study is to constrain Lake Bonneville’s depositional environment in
Pilot Valley during the regressive stage of the lake (Fig. 2, Fig. 3). This study will add to a
comprehensive understanding of Lake Bonneville’s retreat and will associate this deposit with
one of the three major events of the lake (Fig. 2, Fig. 3). Additionally, it provides a model for
studying other regressive-phase deposits in other Pleistocene closed-basin lakes. Analysis is
conducted via ground penetrating radar (GPR), measured sections from outcrop, radiocarbon
ages, paleontology, and sediment core analysis. Other studies have successfully used GPR in the
basin and on similar sedimentary deposits (Kruse and Jol, 2003, Neal, 2004, Schide, 2016, Smith
and Jol, 1993, Smith et al., 2003, Tercier et al., 2000). Additionally, GPR is ideal here because of
the ability to correlate the GPR data to the outcrop and lack of salinity, moisture, and clay, all of
which can severely attenuate radar signal.
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Figure 1. Map of Lake Bonneville at its three major stages: Stansbury, Bonneville, and Provo. Pilot Valley is
outlined on the westernmost extent of the lake. Figure modified from Nelson and Rey (2018).
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Figure 2. Physiographic map of Pilot Valley area with shoreline elevations plotted. The BRB is marked as the
“Regressive Gravel Bar” next to the Nevada/Utah border. Although the BRB appears to be associated with the
Stansbury episode, it has been dated to approximately the Provo episode. Figure from Nelson and Rey (2018). PV15, a core discussed in Nelson and Rey (2018), is also marked on the map.

Geologic Setting
Numerous Lake Bonneville shorelines are identifiable as wave-cut terraces throughout
the Great Basin; however, three main shorelines are of interest for this study and include, from
oldest to youngest: Stansbury, Bonneville, and Provo (Benson et al., 2011). The Gilbert episode
4

covered less of the basin floor than previously thought, and is not considered a well-defined
shoreline (Oviatt, 2014). The lake’s history is divided into three phases: transgressive,
overflowing, and regressive (Fig. 3; Currey et al., 1983; Currey, 1990; Oviatt, 2015). The
transgressive phase was within a hydrographically closed basin with water entering the system
via direct precipitation, stream runoff, and groundwater; water exited the system via evaporation.
The overflowing phase occurred about 18 cal ka when the lake washed out a natural dam near
Red Rock Pass, Idaho, and overflowed for approximately 3.0 ka, dropping the lake level about
130 m to the Provo Shoreline (Currey et al., 1984; Currey and Oviatt, 1985; Nelson et al., 2005;
Oviatt et al., 1992; Oviatt and Jewell, 2016; Nelson and Rey, 2018). The regressive phase,
starting around 15 cal ka, returned the lake to closed-basin conditions again, dropping the lake to
modern Great Salt Lake levels around 13.8 cal ka (Fig. 3; Godsey et al., 2011).
The Stansbury shoreline formed during two oscillation events, around 25 and 24 cal ka; it
can be difficult to identify throughout the basin since higher lake-levels eroded the shoreline.
The highstand of the lake occurred during the Bonneville shoreline phase and overflowed into
the Snake River drainage at 18 cal ka. The regression to the Provo level occurred after this time,
then the lake slowly transgressed until 16.0 cal ka, followed by dropping down to modern Great
Salt Lake levels until a small transgression in the Gilbert episode around 11.7 cal ka, after which
the lake regressed once again (Oviatt, 2015, Oviatt and Jewell, 2016). The Gilbert episode
transgressed to 1295-1297 m elevation, about 15 m higher than the modern average levels of the
Great Salt Lake; it is thought that the Gilbert episode dropped to levels as low as the current
Great Salt Lake (~1280 m) starting at 13.0 cal ka during the onset of the Younger Dryas (Oviatt
et al., 2005; Oviatt, 2014). Additionally, an early (pre-Stansbury) Pilot Valley shoreline episode
is visible on the eastern side of Pilot Valley at approximately 1305-1309 m elevation, along the
5

Silver Island Mountains. It formed as a result of climatic slowdown in lake-level rise, enhancing
shoreline development from 30.8 to 30.6 ka (Miller and Phelps, 2016).

Figure 3. Lake Bonneville hydrograph combined with altitudes adjusted for isostatic rebound. The Transgressive
phase (T), overflowing Provo-shoreline phase (O), and regressive phase (R) are marked with bold black lines at the
top. The approximate age of the gastropod samples taken from the Bonneville Regressive Bar (BRB) are highlighted
in orange, blue, purple, and green. See text for further discussion. Modified from Oviatt, 2015.

Climatic changes predominantly controlled shoreline levels since the lake was a closed
basin (Oviatt et al., 1990). In Europe, regions south of the Weichselian ice sheet between 15.8
and 11.5 cal ka had major climatic changes (Benson et al., 1992). These climatic variations have
been divided into the Bølling (15.8-13.9 cal ka) Allerød (13.9-12.9 cal ka), and Younger Dryas
(12.9-11.5 cal ka) intervals based on a transition to tundra conditions (Mangerud et al., 1974,
Benson et al., 1992). The change from the Allerød to the Younger Dryas was a transition from
warmer to cooler conditions concurrent with lake level perturbations in the Bonneville basin
(Wright, 1989; Benson, 1992). Climatic changes, e.g. precipitation rates, affected the size of the
lake and its depositional features during approximately the same time periods.
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Jewell (2007) stated that the paleoclimate in this basin was also heavily influenced by
continental ice sheets in the area of present-day Utah during the Late Glacial Maximum (LGM),
forming zones of high pressure that split the polar jet stream into northern and southern
components until about 13.9 cal ka, when the southern jet stream brought storms to fill the Great
Basin lakes (see Figure 8 from Jewell, 2077; Lyle et al., 2012). This phenomenon steered
cyclones around mid-latitudes of the continent, creating thermal instability that triggered lakeeffect precipitation, increasing the size of Lake Bonneville and the extent of the surrounding
glaciers (Benson et al., 2011; Hostetler et al., 1994).
Pilot Peak, in the western mountain range in Pilot Valley, caps a series of metamorphic
rocks that draped by alluvial fans as elevation decreases. The Pilot range is believed to have been
a local source for sediment deposited in the Pilot Valley sub-basin, transported via ephemeral
streams. The Silver Island mountain range on the eastern side of the valley contains carbonate
rocks and sandstone, with the mountains to the north and south containing volcanic rock (Fig. 4).

Figure 4. Simplified geologic map of Pilot Valley and surrounding mountain ranges. The “Regressive gravel bar” is
the BRB. Figure taken from Nelson and Rey (2018). See text for discussion.
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METHODS
Measured Section
Two stratigraphic sections were measured along the northern and western sides of the
Bonneville Regressive Bar (BRB): the Northern Measured Section (NMS) and the Western
Measured Section (WMS). The measured sections were taken at the outcropping beds
(Bonneville Regressive Bar, BRB) and we dug trenches at both measured sections to analyze the
beds beneath the BRB (Lower Transgressive Sequence, LTS). Strikes and dips were measured
on the outcropping beds. Beds were described on a fine, 3 cm-scale, noting changes in grain size,
sedimentary structure, sediment color, general composition (e.g. lithics), and gastropod
abundance. Individual units were distinguished based on lithologic changes, rather than
allostratigraphic changes since major stratigraphic discontinuities, erosive or other, are not
present. The sediments of the units fine upward in the LTS and the tops of units coarsen upward
in the BRB.
While measuring the NMS at the BRB, two subsequent 2-ft (0.61 m) piston core samples
were taken at the base of the trench. The piston corer is pounded into the ground by hand and
subsequently brought up with a pulley system. Some upper and lower portions of the samples
were lost due to effects of coring (e.g., loose sediment falling out of the corer). Piston coring
compresses the sediment and causes frictional deformation along the acrylic core sleeve, thereby
creating a bowed or curving feature to the sample. These effects were noted in the measured
section and in the unit descriptions.
Ground Penetrating Radar
In order to provide subsurface imaging with fine-scale resolution, we employed ground
penetrating radar (GPR), which provides a much higher resolution than seismic or other
8

geophysical methods and detects rock property changes on a scale as fine as decimeters
(Martinez and Byrnes, 2001). Since resolution and depth of penetration are controlled in part by
frequency, we tested multiple antennas (200 and 400 MHz) to determine the optimal center
frequency along with observed penetration depth. The biggest influence on the GPR signal at the
BRB is the marl at the base of the sandy deposit, which acts as an attenuating reflector. Moisture
and salinity, dominant features of the Pilot Valley playa, also attenuate radar signals, but the
BRB is about 1.6 km west of the playa and is about 46 meters higher in elevation, so there is no
appreciable salinity at the BRB. Additionally, any moisture that enters the deposit percolates
easily through the BRB because it is very porous and permeable.
GPR data were collected using a GSSI (Geophysical Survey Systems, Inc.) bistatic 400MHz antenna with a field frequency filter of 50-600 MHz. The survey was irregular in shape
because the outcropping rock impeded a rectangular grid, measuring an approximate total of 19
m x 38 m. The data were acquired as 2D-profiles in continuous mode with a sample rate of 1024
samples/trace, approximately 334 traces/m, at 50 ns and with 0.3-m spacing.
Because the GPR survey is on an irregular hill, a precise topographic correction survey
was required. Basic positioning was accomplished by a survey wheel and more precise surveying
with direct instrumental surveying (total station surveying) for an elevation correction with a
precision of ± 1 cm to accurately locate lines and enable static (topographic) corrections during
the data processing phase.
Processing of the GPR data began with an amplitude gain function, followed by a
“background” removal based on continuity across 199 traces in order to eliminate the direct
arrival. A time-depth conversion was calculated by directly correlating the basal marl reflection
on a GPR profile along the northern edge of the deposit to the observed depth of the top of the
9

marl in outcrop. The marl reflector arrived at 20.05 ns (two-way travel time) and was measured
at 1.3716 m depth. Velocity is therefore calculated as 1.3716 m/10.03 ns, equating to 0.14 m/ns.
This velocity correlates to a dielectric constant of 4.81, a typical number for dry quartz sand
(Martinez and Byrnes, 2001). A topographic correction and post-stack time migration were
performed using this dielectric constant in order to accurately portray structural relationships.
The data processed profile data were then re-binned into a 3D volume in order to visualize
stratigraphic relationships in combined dip and strike views and to compute depth slices through
the volume.
Radiocarbon Ages
Four gastropod samples were acquired from four separate units at the BRB, Unit 1, Unit
5A, Unit 6A, and Unit 9A (the upper-most and lower-most units with gastropods) to constrain
the ages of the two lithologically distinct portions of the BRB. Extracted gastropod shells were
used for radiocarbon ages. Shells were pretreated by cleaning in an ultrasonic bath for 30
minutes to remove loose sediment. After this they were soaked in 1.0 M hydrochloric acid (HCl)
for 2 minutes to remove modern carbonate which may have deposited on the shell. Shells were
rinsed multiple times with deionized (DI) to halt any further reaction and dried overnight at
60℃. Cleaned and pretreated shells were processed to produce CO2 gas for accelerator mass
spectrometry (AMS) radiocarbon age determination by reacting approximately 50 mg of shell
material with excess 85% phosphoric acid in a vacuum evacuated glass reaction vessel. CO2 gas
for each age determination was frozen into a borosilicate glass tube and flame sealed. These
glass tubes were sent to the University of Georgia Center for Applied Isotope Studies for AMS
radiocarbon age determination. Ages were then calibrated to cal year BP.
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XRD Analysis
X-Ray Diffraction (XRD) was used to determine the abundance of quartz, calcite,
aragonite, illite, albite, kaolinite, and dolomite of each unit. 2M1-Muscovite was used to
determine the abundance of illite. This analysis was done to aid in determining why the BRB still
exists when no nearby deposits have the same lithology, e.g. if a spring aided in the preservation,
the role of tufa, etc. A Rigaku MiniFlex diffractometer, with Cu-radiation from 5°-65° two-theta
was used. Rigaku PDXL2 software calculated mineral abundances via Rietveld analysis. Ten
samples from the BRB were analyzed while six samples were analyzed from the LTS.
RESULTS
Sedimentary Facies
Sedimentary facies are described first in order to provide more context to the unit
descriptions that follow. The facies were distinguished based upon packages of sediment with
similar lithologic patterns, e.g. interbedded sand and marl, and sedimentary structures. Six
sedimentary facies have been identified for the BRB. Four are in the LTS, the finer-grained
sediments found in the trench (Facies Trench, FT#) and two are in the BRB, or outcropping,
coarser-grained sediments (Facies Outcrop, FO#; Fig. 8, Fig. 10, and Fig. 12). FT1 is a massive
reworked sand; FT2 is a cross-bedded to rippled sand and/or marl; FT3 is an interbedded marl
and sand with beds less than 2.5-cm thick; and FT4 is a massive marl that is thicker than 2.5 cm.
FO1 is gastropod-rich very coarse- to coarse- grained sand and FO2 is gastropod-poor very
coarse- to coarse-grained sand.
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Ground Penetrating Radar
The 3D ground penetrating radar (GPR) dataset revealed the complex internal structure of
the BRB (Fig. 17). A first-order observation from the GPR data volume is dipping reflectors that
downlap onto horizontal reflectors. In context of this study, the dipping reflectors are termed
clinoforms only in respect to their expression on the radar data and not as a reference to their
depositional origin. The expression of these dipping reflectors is strong and consistent on the
western margin of the area and decreases in quality to the east (Fig. 17). Several key horizons
were identified on the basis of lateral coherency and consistently strong amplitude and were
mapped in the zone of dipping reflectors, which corresponds to the BRB (Fig. 19). Longer travel
times, corresponding in apparent depth to the LTS, were not interpreted because of attenuation,
decreasing reflection coherency, and the possibility of multiple reflections (Fig. 19). Within that
portion of the BRB, reflectivity is controlled mainly by vertical variations in porosity. Figure 18
shows the three mapped horizons in plan-view as structure maps and in cross-sectional view.
Five radar facies (RF#) were interpreted on the 3D volume based on their downlapping,
onlapping, and toplapping characteristics, as well as reflection coherency (Fig. 14). RF1
corresponds to the LTS, represented by discontinuous reflectors. RF2 is that part of the BRB
associated with the dipping reflectors, or foreset bedding, that downlap the LTS. RF3 is a
restricted series of strong and coherent reflectors that onlap RF2. RF4 and RF5 are present in the
long profile (Fig. 15). It is important to note that RF1-RF3 are the main focus of this study, while
RF4 and RF5 have only been noted because of the long GPR profile (Fig. 15).
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Radar Facies 1
RF1 is characterized by highly discontinuous reflectors. The top of this facies correlates
to the top of the marl that divides the BRB from the LTS and is therefore basal to the
outcropping sediment of the BRB. There is high attenuation in the lower part of this facies.
Radar Facies 2
RF2 is a set of dipping reflectors that downlap onto RF1. The reflectors are strongly
coherent and continuous. The clinoforms decrease in dip to the south and east but remain
prominent features in the GPR profiles.
Radar Facies 3
RF3 is a small set of reflectors that gently onlap RF2. These reflectors are also
continuous, but dip at a shallower angle compared to those of RF2. This portion of the BRB is
not as well exposed as the outcrop on the northern side; however, there are some very small
(<2.5 cm thick) well-cemented outcroppings on the southern side of the hill that explain the
prominent reflectivity. A core was not taken on the southern side of the deposit, near RF3, and
there is no outcrop, so the exact material is unknown; it is assumed to be of similar grain size
(coarse to very coarse) as the rest of the BRB.
Radar Facies 4
RF4 is observed only on the long GPR 2D profile, north of the BRB and contains
clinoforms that resemble the topset and foreset beds of the BRB. The reflectors are strong,
coherent, and tend to have a very shallow dip relative to the clinoforms in RF2. This facies is
only about 1 m thick.
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Radar Facies 5
RF5 is also observed only on the long GPR 2D profile. No cores or samples are available
for this facies, so the exact lithology cannot be directly confirmed. This facies is about 0.5 m
thick, with attenuating materials dominating deeper.

Unit Descriptions
Overall, the BRB has two distinguishing physical features based on grain size, degree of
cementation, and grain composition: the silty to sandy Lower Transgressive Sequence (LTS) and
the well-cemented, coarser-grained Bonneville Regressive Bar (BRB) (Fig. 5). A unit designated
within the BRB is classified by sequence stratigraphy, lithology, and the Limnological Research
Center (LRC) classification scheme, which names units by: color, bedding, major modifier,
principal name, and minor constituents, e.g. Dark reddish brown, massive, feldspathic clay with
carbonaceous debris and trace gastropod fragments (Schnurrenberger et al., 2003). Units are also
described from the base to the top of the feature. Correlatable units between the Northern
Measured Section (NMS) and Western Measured Section (WMS) are noted in the unit
descriptions and in Figure 13. The interpreted sedimentary facies for each unit is briefly
described (see “Sedimentary Facies” for detailed descriptions). The majority of contacts between
the correlatable units are sharp. Marls are common in the LTS and are classified as a silty-clayey
carbonaceous mud.
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Figure 5. Dashed lines indicate measured section paths. (A) Location of the measured sections in relation to the
outcrop. The photo is looking toward the southwest. (B) Trench and outcrop of the Western Measured Section
(WMS). (C) and (D) Photos of the Northern Measured Section (NMS), including the trench and outcrop. C is the top
of the NMS. Note the 30°-40° dipping beds in B and C. The BRB is located at 41.004°N, -113.98°W. Photos
courtesy of Dave Tingey and Katelynn Smith.

North Measured Section (NMS)
Figure 6 contains photographs of the units for the NMS. Photographs for the NMS core
are in Figure 7 with the associated units labeled, and Figure 8 is the stratigraphic column for the
NMS.
Unit 1
Unit 1 begins in the core, with the lower 10 cm being a light-gray marl with inconsistent
orange layering, no thicker than 0.5 cm and about 2.5 cm long. Although only 10 cm of this unit
was sampled, it was separated from Unit 2 because of the sharp boundary between the medium15

grained sand (Unit 2) and the marl (Unit 1). There are no gastropods and no remnants of
sedimentary structures; however, the sediment is bowed from piston coring (Fig. 7). This unit is
a part of FT3, an interbedded marl and sand that is predominantly an offshore deposit.
Radiocarbon age gastropod samples were taken from this unit.
Unit 2
The first core and part of the second core are a continuation of Unit 2 (from the trench
measured section). For the second core, the lower 4 cm and upper 5 cm were lost; it is plausible
that this drive contained the poorly-cemented fine- to medium-grained sand but was not
recovered. In addition, this core is missing 2.5 cm of sediment at the base and about 6 cm of
sediment at the top.
At the base of Unit 2 is a tan, medium-grained sand with an interbedded, tan fine-grained
sand and light-gray very-fine grained thin-bedded marl above it (1-10 cm). The basal sand is part
of FT1, a foreshore deposit, whereas the interbedded sand and marl are in FT3, offshore. The
interbedded marl and sands, ranging from very-thinly to thinly-bedded (1-5 cm) are structureless.
The thicker sand packages have retained their shape and are massive, as well.
Unit 3
Unit 3 is predominantly a tan fine-grained sand with interbedded light gray very finegrained marl. The base, sub-unit 3A, is a tan coarse-grained sand with about 50% gastropod hash
(shell fragments). There is another coarse-grained interval toward the top (sub-unit 3B) and a
very fine-grained sand capping this unit. The tan medium to coarse sands are cross bedded and
the light-gray very fine- to fine-grained marls are rippled. This unit is a combination of FT1
(foreshore to upper shoreface) and FT2 (upper to lower shoreface), massive reworked sands and
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a cross-bedded to rippled sand/marl, respectively. The orange layering found in Unit 1 are also
present in these marls.
Unit 4
The base of this unit (sub-unit 4A) is a 13 cm-thick tan medium-grained sand unit that
abruptly transitions to a very-fine marl interbedded with fine-grained sand, representing a
transition from FT1 to FT3. Sub-unit 4B is thinly-bedded with ripples throughout, but they are
mainly in the marl units. Crossbedding is present in the sands, making this sub-unit a part of
FT2. There are erosional surfaces cutting into the sand with deposition of marl in the upper
portion of sub-unit 4B, evidenced by onlapping and truncating layers.
Unit 5
Unit 5 has an abrupt change from tan, medium-grained sand, representative of the
foreshore to upper shoreface, (FT1) to a light gray very fine-grained marl, deposited in the lower
shoreface (FT2). The sand units are massive and contain whole gastropods and gastropod hash
(sub-unit 5A), while the upper marl has large ripples, with a distance between troughs of 18 cm.
Sub-unit 5B is a massive light-gray marl. The contact between Units 5 and 6 is wavy.
Radiocarbon age samples were taken from this unit.
Unit 6
Unit 6 marks the onset of the coarse-grained outcropping sediment. Directly above the
rippled marl in Unit 5, the tan coarse-grained sand and gastropods fill the troughs, making this
unit a part of FO1. Overall, the beds are thin (< 10 cm), the unit is massive, contains gastropod
hash throughout, pebble-sized tufa is present, and the grains range from sub-angular to subrounded. Radiocarbon age gastropod samples were collected from this unit. The distinguishing
factors dividing the beds are not based on grain size, rather, it is dependent upon the degree of
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cementation and presence of whole or fragmented gastropod shells. This is consistent throughout
the descriptions of the outcropping, coarser-grained units for both of the measured sections.
Unit 7
This unit contains fewer gastropods than Unit 6 and has more lithics (FO2). Tufa pebbles
are more dominant in Unit 7 compared to Unit 6. There are pebbles in the lower 13 cm of the
unit, up to 5 mm long. This unit is massive, and it is difficult to discern any sedimentary
structures due to the coarseness of the grains.
Unit 8
Unit 8 is about 1.5 m thick and is a tan massive coarse-grained sandstone. There are no
changes in grain size and there are less than 1% gastropod shell fragments (FO2). There are no
identifiable tufa pebbles throughout this unit.
Unit 9
Unit 9 is a 3 m thick tan coarse sandstone that is divided into several sub-units. The 13
cm base, sub-unit 9A, is very coarse with about 50% gastropod hash (FO1). There is tufa in subunit 9A with pebbles that range from 5-10 mm long. Sub-unit 9B is dominantly a massive
coarse-grained sandstone with few gastropods and is poorly cemented. Sub-unit 9C is a wellcemented, 10 cm thick very coarse sandstone; the following 147 cm (sub-unit 9D) is another
coarse sandstone with <10% whole or fragmented gastropods, 5 mm-long pebbles, and is capped
by shallow ripples. The top of the unit (sub-unit 9E) is an interbedded very coarse- to coarsegrained sandstone that contains <10% whole gastropods. Sub-units 9B-9E are part of FO2, the
gastropod-poor coarse-grained sediment.
Unit 10
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Unit 10 is another thick deposit of a tan and coarse to very coarse-grained sandstone that
is part of FO1. Sub-unit 10A ranges in degree of compaction, or cementation; the well-cemented
beds are very thinly bedded (<2.5 cm), whereas the poorly cemented beds are thickly bedded
(<101 cm) and contain gastropod hash. The overlying sub-unit 10B is a very coarse sandstone
and is very well cemented with about 15% gastropods. Sub-unit 10C has less gastropod hash and
coarsens upward. Radiocarbon age gastropod samples were also taken from this unit.
Unit 11
Unit 11 is divided into two sub-units, 11A and 11B, both of which are in FO2. 11A is a
coarse sandstone with <1% gastropods. Tufa is dominant, as are lithic pebbles (25%) that range
from 2-5 mm in length. Sub-unit 11B is a medium-grained sandstone with about 5% gastropod
fragments. Overall, the unit is approximately 183 cm thick.
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Figure 6. Pictures of the trench and outcrop for the NMS. A is the top of the measured section and J is the bottom of
the trench (see the core for the rest of the measured section). From Unit 6 upward, the sediment is predominantly
coarse to very coarse-grained and contains many gastropods and pebble-sized grains (BRB). From Unit 5 and lower,
the sediment ranges from marl to very fine-grained sand, with occasional ~10 cm-thick packages of fine- to
medium-grained sand (LTS).
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Figure 7. Pictures of the cores for the NMS. Note the arcuate shape of the sediments in Core 1. Core 2 does not have
consistent arcuate shape, but the core contains artifacts of coring (e.g. angled beds). Core 1 is predominantly
interbedded marl and sandstone while Core 2 is dominated by thicker sand packages with smaller marl beds.
Sediment at the top and bottom of the cores were lost due simply to the coring process. About 10 cm above Unit 10
is correlatable to Unit 1 from the WMS.
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Figure 8. Stratigraphic Column for the Northern Measured Section (NMS), including the two above images. Note
the overall coarsening-upwards sequence, with a dramatic change in grain size around 165 cm, marking the
transition between the LTS and the BRB. Sedimentary structures are common in the LTS and becomes more
massive and near-conglomeratic in the BRB. Radar Facies 1 and Radar Facies 2 are labeled on the columns, as well.
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West Measured Section (WMS)
See Figure 9 and Figure 10 for photographs and a stratigraphic column, respectively, for the
WMS.
Unit 1
The lowest unit in the WMS is a 76 cm thick tan very thin to thinly-bedded (2.5-10 cm)
interbedded very fine- to fine-grained sandstone. Sub-unit 1A (FT3) is the lowermost sub-unit
and is an offshore very fine-grained marl interbedded with fine-grained sand. Overlying this
deeper-water deposit is a 10 cm, massive medium-grained sand, sub-unit 1B, with no gastropods,
whole or fragmented, present, classifying it as FT1. The uppermost portion of the unit is a
massive marl with fine-grained interbedded sand (FT3). Overall, the marls often contain the
small orange intervals, similar to Unit 1 in the NMS.
Unit 2
Unit 2 is a light-gray fining-upward interbedded marl to a tan very fine-grained
sandstone. The base of unit 2, called sub-unit 2A, is a 15 cm thick sand deposit with ~10%
gastropod shell fragments, about 0.1-1 mm in size, and is classified as FT2. The lower 10 cm
have parallel laminations, and the upper 5 cm are cross-bedded, but the grain size and gastropod
abundance are the same. The remainder of Unit 2 (sub-unit 2B) is 150 cm thick and is an
interbedded fine to very fine-grained marl to sandstone that ranges from FT3 to FT4, proximal to
distal offshore deposits. The sandy layers often have gastropod hash, similar to sub-unit 2A. The
marls tend to be massive, whereas the sand contains ripples and cross-bedding. The contacts
range from planar-sharp to wavy-sharp.
Unit 3
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Unit 3 is approximately 51 cm thick, tan, fines upward, and is dominated by very finegrained sandstone. Sub-unit 3A, the basal 2.5 cm layer of Unit 3, is a medium-grained sand with
<1% gastropod fragments (FT1). The lower, more coarse beds of Unit 3 have more ripples than
the lower units in this trench and has an overall fining-upward sequence with massive bedding
(marl); the marl beds are thin (<10 cm) and more dominant higher in the unit compared to the
lower, coarser beds. Sub-unit 3B is part of FT2, a rippled sand and marl that was deposited in the
upper to lower shorefaces.
Unit 4
The lower 10 cm of Unit 4, namely sub-unit 4A is another foreshore, tan medium-grained
massive sand (FT1); this sub-unit is correlatable to unit 4A in the NMS. Above it is a light-gray
finely-laminated thin-bedded marl that abruptly changes into a massive marl (FT3 to FT4). There
are a couple of very thin bedded, very fine-grained sands interbedded with the marl;
occasionally, the boundaries between these beds are sharp and eroded the underlying layers. The
upper 13 cm of the unit contain the orange layering in the marl. The total thickness of this marl
unit is 46 cm.
Unit 5
Sub-unit 5A is roughly 23 cm thick at the base of unit 5; it is an offshore tan interbedded
very fine- to fine-grained sand and marl (FT3). The fine-grained intervals are thinly bedded and
consist of roughly 60% whole gastropods. The light-gray very-fine grained marl ranges from
having shallow ripples directly above the fine sands to parallel laminations towards the top of the
unit. Overall, it fines upward to a medium-bedded (~28 cm) marl sequence that contains a very
thin layer of whole gastropod shells in 2 cm-thick fine-grained bed.
Unit 6
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This unit marks the start of the coarse, very well cemented rock, rather than loose
sediment, and correlates to Unit 6 from the NMS. The grains are dominantly coarse, with the
main difference between bedding being the degree of cementation. The poorly-cemented layers
are very thinly bedded whereas the cemented layers have thin to medium beds. There are pebbles
throughout the unit that are ~5-7 mm large; there is about 15% tufa in this unit and
approximately 50% of the unit contains whole gastropods (FO1). Ripples are in the poorlycemented layers and beds pinch out towards the south. Sub-units 6A and 6B are divided based
upon abundance of gastropods, 6A containing approximately 20% more gastropods than 6B.
Unit 7
The distinction between units 7 and 6 is determined by the thickness of the beds, degree
of cementation, grain size, and abundance of gastropods. Unit 7 is divided into three sub-units,
7A, 7B, and 7C. Sub-unit 7C is a thicker package with medium grains that has a layer of pebbles
at the base that are ~5 mm long with 25% gastropod abundance. Sub-unit 7B is medium- to
coarse-grained and also contains 50% gastropods, dominantly at the base of the sub-unit. Subunit 7A is similar to sub-unit 7B but is slightly thicker (23 cm compared to 16 cm in Unit 7B),
making this unit part of FO1.
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Figure 9. Photos of the trench and outcrop for the Western Measured Section (WMS). Thicker sand units are more
dominant towards the bottom of the trench, with intervals of interbedded marl and fine sandstone.
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Figure 10. Stratigraphic column for the Western Measured Section (WMS). Note the transition from the LTS to the
BRB at about 402 cm. This stratigraphic column is smaller than the previous NMS due to thinning/pinching-out
beds in the BRB. Overall, however, it has a similar trend to the NMS with finer-grained material in the LTS and
coarser-grained in the BRB. Radar Facies 1 and Radar Facies 2 are labeled on the columns, as well.
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XRD Analysis
XRD analysis provided detailed information on the relative abundance of a select set of
minerals (e.g. calcite, dolomite, quartz, etc.) in the deposit, especially when examining the
Bonneville Regressive Bar (BRB) and the Lower Transgressive Sequence (LTS). The division
between the BRB and LTS is based on the outcropping characteristics (grain size) and
mineralogy (Table 2). The quartz, dolomite, and illite are detrital, with the dolomite and illite
likely being sourced from the abundant carbonates and shales in the Silver Island Mountains,
located across the valley from the BRB. Albite could be authigenic or detrital, depending on if
the albite was sourced from the playa and then reworked into the deposit or from the shoreline.
The small amount of kaolinite is also authigenic, being sourced from the playa. The abundance
of calcite in the BRB compared to the LTS is relatively significant in identifying the origin of the
cement; however, the Bonneville sequence, or range of sediment deposited by Lake Bonneville,
has relative calcite variations from <10% to 95%, so a wide range of calcite concentration is not
abnormal (Nelson and Rey, 2018).
Mineral
Quartz
Calcite
Aragonite
Illite*
Albite
Kaolinite
Dolomite

BRB Avg.
(wt. %)
50.27
20.20
8.84
6.54
10.32
1.95
1.87

BRB
Error
± 0.28
± 0.26
± 0.35
± 0.55
± 0.83
± 1.22
± 1.15

LTS Avg.
(wt. %)
48.39
10.74
3.69
11.06
20.87
2.16
3.09

LTS
Error
± 0.41
± 0.33
± 3.23
± 1.1
± 1.95
± 2.43
± 0.26

Table 1. Summary of the average concentrations of the mineralogy of the BRB and LTS. *2M1-Muscovite was used
for illite in the analysis. See text for discussion.

Radiocarbon Ages
Four snail shells were sent to the University of Georgia Center for Applied Isotope
Studies to determine the ages of the BRB. The results are as follows: 16,488 years, 15,207 years,
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15,083 years, and 14,106 years. The ages were originally reported in 𝛿𝛿 13C corrected radiocarbon

age, but were converted to calibrated years before present (cal ka BP).
Gastropod Identification

Modern springs in Pilot Valley are visible where lake sediment onlaps the alluvial
deposits, near the playa-alluvial fan interface (South et al., 2016). A spring existed near the BRB
based on the identification of one taxa of gastropod, the genus Pyrgulopsis from the family
Hydrobiidae (Fig. 11). Pyrgulopsis is predominantly found in the BRB, with occasional
occurrences in the LTS. It has recently been identified in modern springs and other groundwaterdependent habitats in northwestern Arizona and is known for living within a single spring or
spring complex (Hershler et al., 2016). Additionally, the genus Fossaria from the family
Lymnaeidae are present in the BRB and predominantly lived in ponds and streams (Pontier and
David, 2004). Both Fossaria and Pyrgulopsis tolerated fresh to moderately-saline water
(Hershler, personal communication, 2017).

Figure 11. (A) Photo of a sample from the BRB that contains whole and broken gastropod shells. (B) Photo of the
genus Pyrgulopsis, family Hydrobiidae from Unit 1. See text for discussion. Photos courtesy of Katelynn Smith.
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DISCUSSION
In Pilot Valley (near Wendover, Utah), the dominant paleowind originated from the
northwest and circulated clockwise along the bounding mountain ranges (Jewell, 2007). Jewell
(2007) states that a combination of high pressure systems over the continental ice sheet and
cyclones carried to the east, just south of Lake Bonneville, generated strong northerly or
northwesterly winds that would have overwhelmed the southerly winds that are characteristic of
the modern Great Basin, creating north-to-south sediment transport.
Longshore currents in Pilot Valley deposited sediment from the northwest on an average
day, with storm-winds bringing sediment from the south (Jewell, 2007). Along the western and
northern sides of Pilot Valley, V-shaped barriers, longshore drift deposits, formed due to
opposing wind directions, e.g. from the northwest and from the south (Gilbert, 1890). Depending
on lake depth, Pilot Valley would be connected to the rest of the basin between Leppy Hills and
the Pilot Range, Silver Island Pass, Donner, Pass, and between Lemay and Crater Islands
(Nelson and Rey, 2018).
The Bonneville Regressive Bar (BRB) is a remnant of a beach crest that was deposited
after the Provo shoreline (16.5-14.1 cal ka) (Fig. 3). The material that created these barriers is
sourced from the Pilot Peak metamorphic rocks and subsequently transported via ephemeral
streams, the remnants of which have eroded away portions of these barriers. It is probable that
the BRB is the remnant of a V-shaped barrier with the northern arm of the barrier having eroded
away. Surrounding streams could have avulsed, removing a sediment source for the BRB, or the
northerly current dominated and caused the channel to migrate southward.
At this point, it is important to note that while multiple barriers are present near the BRB,
they do not have the same features as the BRB, e.g. other outcrops of coarse-grained, regressive
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sediment capping the finer-grained sediment without a capping marl. However, there is one
deposit at the southern margin of the playa (40°55’03” N, 114°05’11” W) at an elevation of 1364
m that has coarser-grained sand capping finer-grained sand, similar to the relationship between
the BRB and LTS. Additionally, when looking across the road, there is marl at and above the
same elevation as the coarse-grained sand. If that marl existed above the coarse-grained sand, it
was subsequently eroded. This deposit is hypothesized to be related to the Stansbury shoreline,
however, and therefore part of the overall transgressive-phase of the lake (Fig. 3).
Oviatt (2014) gave a simplified regressive-phase depositional model for Lake Bonneville:
deep-water marl underlying shoreline-gravel, and occasionally another deep-water marl
deposited above the gravel. This stratigraphic relationship is often difficult to find anywhere in
the basin for two reasons: (1) the inconsistent nature of lake levels eroding away the lessresistive marl, and (2), a lack of deposition during the latest regressive stages of the lake. The
BRB follows Oviatt’s (2014) general model by having a finer-grained lower half (relatively
deep-water, LTS) and a significantly coarser-grained upper half (shoreline, BRB), presently
without a capping marl. However, the GPR data indicate a minor transgressive sequence (RF3,
Fig. 14). The exact reason for this minor transgression is unknown, but lake levels fluctuated
often in the basin due to climatic changes, suggesting that there was a short-lived increase in
precipitation and a decrease in evaporation (Oviatt et al., 1990). Additionally, modern streamerosion has exposed the outcrop of the BRB. To our knowledge, the BRB is the only deposit
with these regressive-phase characteristics around the margin of Pilot Valley.
The sedimentary facies are the framework for the creation of a depositional model at the
BRB (Fig. 12; Table 2). FT1 is interpreted to have been deposited in the high-energy upper
shoreface where shoreline tufa could precipitate out of the water (Nelson et al., 2005). The cross32

bedded and rippled sands and marls of FT2 were deposited in the shoreface zone, predominantly
in the upper shoreface where wave action could rework the sediment into troughs during highenergy events, and a draping of finer-grained marls onto the sand during calm waters. FT3 is an
interbedded marl and sand, thus representing changes in deep and shallow deposition,
respectively. FT4 is representative of distal offshore deposition where marl accumulated in a
low-energy environment, so no sedimentary structures from wave action are seen. FT4 is not
widely observed, possibly because it is buried.
FO1 and FO2 are essentially the same lithologically and are interpreted to have been
deposited along the beach-face in the surf to swash zones. The main difference between FO1 and
FO2 is that the former contains more gastropods than the latter. There are minor changes in grain
size between the units in FO1 and FO2 but pebbles up to 10 mm long are distributed throughout.
The two measured sections identify the same units, but the units pinch out or change
lithologically towards the WMS, especially for the BRB. To account for these variations, the two
measured sections were correlated (Fig. 13). Due to the relatively homogeneous nature of the
BRB, only units in the LTS were correlated. Overall, finer-grained units dominate in the WMS
compared to the NMS. The tops of units 5, 4A, and 1 in both the WMS and NMS have similar
characteristics. The top of Unit 1 is a massive marl, with the base of Unit 2 being a mediumgrained massive sand. Unit 4A is also a massive medium-grained sand, with the only difference
being the small amount of gastropod fragments in the NMS Unit 4A. The tops of Unit 5 are
correlated because they are the contact between the LTS and BRB, or the transition between the
rippled marl and coarse-grained sand.
The radar facies also provide critical insight into the internal structure and therefore
depositional environment of the BRB and LTS (Fig. 14 and Fig. 15). RF1 has high attenuation
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because of the abundance of finer-grained material, e.g. clays from marls that easily retain water,
a poor medium for electromagnetic transmission. RF2 is interpreted as a representation of
alternations in porosity and minor changes in grain size. This facies correlates to the BRB, which
is expressed as the prominent outcropping rock where the time-to-depth correction was made.
RF2 is interpreted to represent a foreshore depositional environment based on the strong
continuous reflectors of the interpreted foreset bedding that downlap onto RF1. RF3 is
representative of a minor transgression of the lake characterized by the more horizontal and
continuous reflectors that onlap and toplap the foreset bedding of RF2. The lithology of RF4 is
unknown since no cores were collected. RF5 is representative of eolian sediment above possible
LTS sediment. Again, no cores or samples were taken of this facies, so the exact lithology is
unknown.
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Figure 12. Depositional model for the BRB showing photos of the various facies. Note the measuring tape, in inches, in the photos of the facies for scale. See text
for discussion.
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Figure 13. A correlation between the two measured sections at the LTS, the NMS and WMS. Note that the WMS
stratigraphic column has a break between 100 cm and 230 cm. The correlated units are represented by dashed lines
between the two stratigraphic columns. See text for further discussion.
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Figure 14. (A) GPR profile of the BRB. (B) Same GPR profile with interpretations of the various Radar Facies (RF)
and downlap, offlap, and toplap reflectors. The image faces the northeast. See Figure 15 for line location.
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Figure 15. Long profile going south and north of the BRB. Note that there are little to no clinoforms from 0 to 55
meters; they begin at the BRB and flatten out on the northern side, around 95 meters. The GPR facies are noted on
the figure.
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Sedimentary
Facies

GPR
Facies

NMS
Units

WMS
Units

FT4

RF1

N/A

4

FT3

RF1

1, 2, 4

1, 4, 5

FT2

RF1

3, 4, 5

2, 3

RF1

2, 3, 4,
5

FT1

1, 3

FO1

RF2

6, 9, 10

6, 7

FO2

RF2

7, 8, 11

N/A

N/A

RF4

N/A

N/A

N/A

RF5

N/A

N/A

Description
Marl (>1 inch
thick)
Interbedded marl
and sand (<1
inch thick)
Cross-bedded to
rippled sand and
marl
Massive
reworked sand,
broken
gastropods
Gastropod rich,
coarse-grained
sand
Gastropod poor,
coarse-grained
sand
Shallow dipping
clinoforms
Eolian sediment
above possible
LTS sediment

EOD
Below storm wave base
Low-energy offshore
(marl) with storm events
(sand)
Shoreface (range)
Upper shoreface
(fairweather) to foreshore
high energy, swash zone
Lower Foreshore
beachface, swash to
breaker zones
Lower Foreshore
beachface, swash to
breaker zones
Lagoon
Modern sand dunes

Table 2. Table summarizing the two facies, the units they are correlated with, description of each facies, and the
Environment of Deposition (EOD). See text for full discussion.

The sharp division between the BRB and LTS is interpreted to represent the lake
regressing from the Provo Shoreline. However, there also may be minor transgressive to
regressive events, rather than complete regression, during the regressive phase given by Oviatt
(2015) because the lake was likely not very deep based on the sedimentology and elevation at the
LTS (Fig. 3, Fig. 14, and Fig. 15). The elevation at the top of the BRB is approximately 1345 m
and at the LTS/BRB boundary it is approximately 1339 m. Figure 3 suggests that Oviatt’s (2015)
hydrograph should be modified to include these transgressive events since there is not presently
100 m of sediment between the sampled intervals in the LTS and the BRB. Additionally, the
presence of whole gastropods, which lived in relatively shallow water, or the photic zone,
suggests that the BRB was deposited in shallow water, near the foreshore. The marl is below the
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barrier coarse-grained sand, so the coarse-grained deposit is younger than the marl and was
therefore deposited during the regressive phase of the lake, according to the hydrograph of Oviatt
(2015) (Fig. 3).
Oviatt et al. (1999) reinterpreted the Burmester Core (originally interpreted by Eardley et
al., 1973) to infer that fluvial or shore zone lacustrine deposits were relatively well-sorted beds
of sand and/or gravel. These features are in the BRB (15.1-14.1 cal ka) as well-sorted sand to
pebble shore-zone deposits. Additionally, tufa is found throughout the BRB as small (≤5 mm)
pebble fragments in the LTS sediment, with large (~10 cm) tufa clasts being more common in
the BRB sediment. Felton et al. (2006) describe three ways tufa forms: as a capping tufa
encrusting bedrock, tufa coating beach rock, and capping tufa overlying beach rock. At the BRB,
a calcium carbonate precipitate, possibly tufa, thinly coats the individual clasts, suggesting a
high-energy environment. Additionally, tufa forms above wave base and is common in areas
with large fetch, causing CO2 degassing from the water and precipitating the tufa (Felton, 2003;
Felton et al., 2005; Nelson et al., 2005; and Nelson and Rey, 2018).
The LTS (16.5-15.2 cal ka) was deposited in a relatively deep-water environment, within
the shoreface to proximal offshore zone, with influxes of coarser sediment and gastropod shells
from nearby springs, streams, and shallower water during high-energy events and lake level
fluctuations (Fig. 12). The BRB has steeply-inclined (10°-30°) southeast-dipping foreset beds,
which form in a few different ways: on the land-ward side of a barrier (backset beds), on the
lake-ward side of a barrier (foreset beds), or beds deposited during regression with an abundant
sediment supply (Fig. 16 and Fig. 17; Oviatt, personal communication, October 2017).
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Figure 16. Photo of the western side of the Bonneville Regressive Bar (BRB) looking eastward. Note the southdipping beds, ranging from 35°-45°. These are interpreted as foreset beds as part of a barrier of the regressive phase
of the lake. Photo courtesy of David G. Tingey.

The GPR data provides additional detailed information on the interior structure of this
deposit (Fig. 15, Fig. 17, Fig. 18, and Fig. 19). Overall, the structure maps show a steady
decrease in elevation from the northern to southern sides of the BRB with no drastic changes in
topography, i.e. there are no major topographic peaks or valleys (Fig. 18). The GPR data thereby
confirms the lateral continuity and general homogeneity of the BRB. However, the 3D volume
also reveals two groups of radar facies, based on general dips of the reflectors: a package of steep
reflectors to the northwest and a package of gentler-dipping reflectors to the southeast (Fig. 17).
The clinoforms also decrease in slope to the eastern side of the survey, suggesting that this could
be the apex of the v-shaped barrier or that wave-energy decreased to the east (Fig. 17). Figure 15
is a regional profile of the BRB, going just south, over, and to the north of the deposit. It is
possible that the BRB is a remnant of a delta, but the presence of the v-shaped barriers
throughout the valley and the southern-dipping clinoforms in the BRB indicate that these are
foreset beds of a progradational gravel bar that were deposited shortly after the Provo Shoreline
during a minor transgressive event (15.1-14.5 cal ka) (Fig. 17).
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Figure 17. An index map and series of profiles of the GPR data. Notice the very reflective dipping clinoforms in the
upper portion and the discontinuous reflectors in the lower half. The dipping clinoforms are prominent in the longer
profiles. The shorter profiles did not include the clinoforms due to an obstruction from the outcropping rock. The
blue lines indicate clinoforms that have a measured dip that shallows to the southeast.

42

Figure 18. The three structure maps superimposed onto the 3D interpolated volume. The blue in-line is Horizon 3,
green is Horizon 2, and red is Horizon 1. The corresponding horizons originate on the northern side of the survey
and migrate to the south, matching the trend of the dip.
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Figure 19. (A) Reference map for the three horizons. (B) to (D) Structure maps of three key horizons at the BRB.
See text for discussion.
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The identification of the gastropod shells provided insight to the environment in and
surrounding the BRB (Fig. 11). Pyrgulopsis found in the BRB are interpreted to have lived in a
spring habitat and Fossaria lived in streams. As lake levels regressed and as storm-events
occurred, these gastropods were transported from the streams and possible springs located above
the shoreline to the BRB. The preservation of the shells depends on the sediment in which they
are found. There is twice as much calcite in the BRB relative to the LTS and Pyrgulopsis is
dominant in the former (Table 1).
CONCLUSIONS
This study provided critical insight to a rare, well-preserved regressive-phase deposit in
the Lake Bonneville Basin. Combining the GPR data with the stratigraphy at the BRB and LTS
was the most beneficial aspect of this project; a depositional model representing foreshore to
proximal offshore deposition was generated based on GPR, measured sections, core analysis, and
gastropod taxa identification. The GPR data provided detailed information on the BRB’s internal
structure and a facies interpretation, aiding in the conclusion that the BRB is a remnant of a
progradational gravel bar.
Using GPR to image a shallow Lake Bonneville deposit was successful in this study and
provides a model that can be used to analyze similar features throughout the basin. Through
these various types of data analysis methods, we determined that the LTS is a transgressive,
relatively deep-water deposit and that the BRB is regressive and was deposited in shallow water.
Gastropod taxa identification supports the hypothesis of a spring being present near the BRB.
Calcium carbonate, possibly a high-energy precipitated tufa, coats the clasts at the BRB, making
this deposit more resistant to erosion, thus explaining its unusual preservation.
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Our studies provides additional high-resolution detail of the regressive phase of the lake,
after the Provo episode, and suggests a transgressive event from 15.1-14.1 cal ka that deposited
the progradational coarse-grained material of the BRB. More studies should be done on the
regressive-phase of the lake to constrain the ages and elevations of these deposits throughout the
greater Lake Bonneville basin.
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